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1.0 INTRODUCTION

1.1.0 The AFAMRL RPV Systems Simulation and Research Program was initiated
in April 1973 in response to requirements for support of the design of
the man-machine/environment interface of Air Force advanced RPV systems
capable of simultaneous control of large sets of RPVs. As such, its
major objectives were of the applied type such as evaluating alternative
design configurations, assessing RPV systems effectiveness, providing
engineering data for systems design. While the results of the
current study can still be used for such applications as systems design,
the emphasis has shifted over time to provide basic research support to
AFAMRL's Systems Technology Development Program and a new set of
objectives has emerged:
1.1.1 Develop a team-in-the-loop computer simulation capable of
emulating a real-world system. Such a system then becomes a
Taboratory instrument or "guinea pig" for experimental
manipulation and observation.
1.1.2 Develop a methodology of data analysis and interpretation
which is valid and useful for the study of Tlarge-scale systems.
1.1.3 Conduct exploratory studies to provide insight into the
behavior of systems and the construction of simulations and models
of systems.
1.2.0 The two studies reported herein were designed to address two issues
in the area of systems modeling/simulation construction. The ultimate
objective of work in this area is to provide guidelines pertaining to how
one goes about constructing a model or simulation of a compiex system.
(Note: The term "system" that is being used here is intended to include
human, hardware, and environmental components that are interactive over

time.)
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I.2.1 The tirst study, RPV Study VII, was designed to explore an issue

of team {i.e., crew) composition: Do teams perform differently depending
upon whether or not they are independent of one another in terms of
operator involvement? Teams of operators may be assumed to be independent
ot each other if no individual operator is a member of more than one iteam
(i.e., independently constituted teams). However, suppose an 1nvestigator
must construct a set of teams from a limited pool of available operators
by candom assignment, forcing a situation where individual operators are
nembers of more than one team (i.e., pooled constituted teams). Such a
case is pot unrealistic when one considers a research program involving a
Toam-in-the-loop system simulation and the following primary constraints:
(0] Cimited funds to support a large number of teams, (b) limited long-
recin availability of operators who are experienced (have been trained)
with the complex tasks of a system simulation, and (c) limited management
ween., scheduling) flexibility such that the greater the number of operaters
ompliny-d, the greater are the management problems. Thus, in many cases,
it might be desirable to organize teams from a small, well-trained pool

ot operators that can more easily be managed over a long period of time.
Howeor o doing so also means that team performance will be intercorrelated
novame manner and will violate the assumption of independence among

team for statistical analysis and generalization purposes. Specifically,
thern, PPy Study VII provides a comparison between system simulation
pertorriance obtained from independently constituted teams {(three, 5-
pereon teams ) and performance obtained from pooled constituted teams

{theee, 5-person teams in which operators were members of two teams).
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1.2.2 The second study, RPV Study VIII, was also desiqned to explore
issues of team composition: (a) Does an operator perform ditferently ac
a function of team size, and (b) does team performance vary with team
size? The first issue can be stated differently. RPV Study VIII
provided data on the existence or nonexistence of transfer functions
between the performance of operators working alone and the performance of
the same operators on team of varying sizes. The importance of this
first issue may not be immediately obvious. In constructing models and
fast-time simulations of systems, one is generally confronted with trying
to obtain data that are relevant to teams or multi-operator performance.
However, the literature provides very little of these kinds of data.
Instead, most of the literature contain reports of studies of individual
subject performance (or performance obtained by collapsing over individual
[t is also true that actually developing a literature data base pertainina
to all types of team sizes and situations would be quite impossible. It
has been generally assumed that one or more transfer functions exist
between single and multiple operator performance as well as between teanms
of various sizes. If this were found to be true, it would be of consider-hls
value to systems model and g;st time simulation builders.

1.3.0 This technical report summarizes the data of the seventh and eighth
RPV systems simulation studies (RPV Study VII and RPV Study VIII)} cmploying
the AFAMRL RPV System Simulation Test Bed.

2.0 AFAMRL RPV_SYSTEM SIMULATION TEST BED

2.1.0 RPV Study VII and VIII employed the AFAMRL RPY Systems Simulation

Test Bed. The simulation incorporates a large number of the parameters

of a postulated real-world RPV system. The simulation employs four En

Route/Return Phase operators and one Terminal Phase Pilot operator (henceforth
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reterred to as Pilot). Each En Route/Return operator monitors and
operates a computer graphics terminal {I8M 2250) compriscd of a graphic
display (Cathode Ray Tube, CRT), alphanumeric keyboard, light pen, a
programmable ftunction keyboard, and a small panel for hand-over actions.
The pilot overates a pilot station comprised of basic flight instruments,
a Joystick for controlling a video camera over a terrain model, and a
ciosed circuit TV monitor. The simulation is executed in real-time and
permits simultaneous control of up to 35 simulated RPVs.

2.2.0 Figure | is a schematic layout of the simulation facility as it
was configured tor these studies. Note that the video camera can be

controlled eilther manually in a continuous contro! mode or it can be

posiiioned by the computer.

. [1BM 2250 GRAPHICS | [1BM 2250 GRAPHICS
COMPUTER CPU | TERMINAL . TERMINAL
ﬁ & PERIPHERALS |~ ™1  ENROUTE/RETURN ENROUTE, RETURN
T |, STATION 1 STATION 3 j
| |
| [
TERMINAL PILOT
| o CONTROL
| ANALOG DIGITAL I | STATION
CONVERSION | b
IBM 2250 GRAPHICS IBM 2250 GRAPHICS
. TERMINAL TERMINAL .
‘ ENROUTE/RETURN ENROUTE/RETURN
STATION 2 j STATION 4
—--———=| TERRAIN MODEL VIDED
AUTOMATIC -
CONTROL/READOUT MANUAL CONTROL
POSITION
Fiqure 1. HUJIAY ENGINEERING SYSTEMS STAULATOR FACILITY CONFIGURATION
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2.3.0  The RPVs are pre.umed to be capable of operating in two s ‘:
tirst, the i light-path-foliow (7PF) mode and cecond, the contine g i
control (CC) mode.  In the FPF mode, there o a et ot geograpincal %
cocrdinate points stored in the memory of the <inmldated RPV and it flie é
through *hese points. This process is completely automatic and <elf-
contained with control signals coming from the <imulated on-board
navigation system. In the CC mode, control signals are produced by the i
pilot and are transmitted by radio to the RPV. With video fecdback |
available, this allows highiy accurate guidance to the target. |

2.4.0 The AFAMRL RPV systems simulation can be briefly characterized in
terms of the major submodels that are dynamically interfaced in the
simulation. These submodels are listed below.

2.4.1 Simulated RPV heading, altitude, and velocity flight

parameters. The updating of the system status is automatic and

occurs in discrete time increments (to be discussed later).
2.4.2 Three data links (Command, Position Reporting, and Video)
for each simulated RPV and with interference ~arameters.

7.4.3 Simulated RPV fuel load and rate of usage as a functicon
of velocity and attitude.

2.4.4 Simulated RPV attrition probability parameters based on

altitude and on the extent of (lateral) cross track devigtion
from the programmed flight plan.

2.4.5 Simulated RPV subsystem reliability operating in real
"operational" time in conjunction with a simulated RPV inventory.
2.4.6 Simulated RPV navigation system parameters for Inertial,
Doppler, and Basic Dead Reckoning systems.

2.5.0 Specific and detailed displays and controls available in the




siulatron and opevating procedures are described in "Remotely Piloted

Venro e sV g lation frogram Instruction Manual. " This wanual e

iatended tor operdator anstruction and generally interested persona. [t

be iy continually expanded and updated, and therefore, remiins in

A copy can be obtained from AFAMRL/HEF, Wright-Patter son

dratt o tori.
APEL Ubhie 48433,
St Redte /Re rn aperators are provided with displays (updated in

cen - e Y showing tor each RPV: RPV type {i.e., strike, electironic

vl

T e veconnaissance), a flight plan, a track <ignature and heading/

Doty vector displayed accarding to reported position, experted times

LUt

o als (FTAS) to waypoints, status of command data Tink, conmand and

ol ove bty command and actusl altitude, fuel remaining, later.:]

the BPY tvom thight poan, various altarm condicions, ot .
kl

H R R TR VAN
Flyanes deptcts the general Tayoul of anformation on the (RT: Flight

P el FUY Otrach siynatares o the {darge aréa i the apper detd

ETA LT w

1.
2
5
3
ROy COTE TR FNTERED
JTAT . . AMMANS
Ly i BL oy

Bigqure 20 N POUTE-RETURT OPERATOR'S CRT DISPLAY LAYO!'T

o




(S12 indicates strike RPV 12}, a listing of RPV tail numbers and

associated information down the right side of the display, a <tatus
information block in the lower left corner, and two other message blncks

in the lower center and the lower right areas. Operators also have the
capability to window (zooming) around an RPV at two display scaling
levels. Each En Route/Return operator can make use of all control devices
(i.e., light pen, alphanumeric keyboard, programmable function keyhoard,
and the hand-over switch panel).

3.0 RPV_MISSION SCENARIO PARAMTERS

3.1.0 RPV Study II (Mills et al, 1975a) employcd a "generalized" mis<ion
scenario intended to establish base-line data and represented a cross-
section of specific scenarios In that it contained system task elements
expected to be present in most real-world RPV missions. RPV Study 111
(Mills et al, 1975c) enmployed a slightly more specialized mission scenarin
assuming that a lTimited set of support RPVs (Electronic Warfare and Low
Altitude Reconnaissance) would be available for coverage of a set of

strike RPVs or manned aircraft. RPV Study IV (Aume et al, 1976) continued
to use this type of mission scenario. RPV Study V (Aume et al, 1977}

and RPV Study VI (unpublished) used equal numberc of Strike, [lectronic
Warfare, and Low Reconnaissance RPVs, and required that the maximum

number of Electronic Warfare RPVs be used to provide coverage tc oach
Strike RPV. RPV Study VII continued to use this scenario. RPV Study

VIII used an equal number of Strike and Electronic Warfare RPVe (Luw
Altitude Reconnaissance RPVs were not used) and required coverayge by the
max imum number of EW RPVs.

3.2.0 The parameters of the RPV mission scenario for RPV Studies VII anc

VILT are liated below. (The specific differences in scenarios for the
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two studies are relatively unimportant. The changes were made principally
because of management considerations. )

3.2.1 RPV Launch and recovery phases are assumed to occur "outside" the
simulation. RPVs are launched from one of three launch points in RPV
Study VII and from two launch points in RPV Study VIII, and all are
recovered at one point.

3.2.2 FEach RPV has its own preprogrammed flight plan that is assumed to
be stored both in the DOrone Control Facility and the RPV computers.

3,903 fach tlight plan is assumed to be optimal with respect to terrain
and detenses.  Thus, the Mission Planning subsystem is also assumed to be

autside the simulation.

g5 Fach RPYV s designated one of three mission types: Sirike
(Weapons Delivery), EW (Electronic Warfare), and Low Recce (Low Altitude
Reconnaissance).
2.0.5 A vround trip of approximately 300 NM per RPV i< simulated, with
the center of the target area located 150 NM from the launch insertion
and recovery coordinates.  Strike and Low Recce RPVs held quite closely
to their path lengths. EW RPVs, due to repeated passes over targets,
‘raveled considerably farther than the preproqrammed path length.
5.2.6 Each RPV has an initial command velocity of 350 knots and a
command altitude of 200 feet. Both velocity and altitude are variable at
the  Gperator's discretion: Velocity between 300 and 400 knots and
altitude between O and 10,000 feet.

#.7 The RPVs are launched according to type. The group of EW RPVs are

Launched tirst on 15-second intervals. These are followed by the




Low Recce (RPV Study VII only), also on 15-second intervals. The Strike
Group is launched lagt on 3-minute intervals. The total number ot
vehicles is parameteric and is determined prior to each mission, there
being an equal number of vehicles in each grcun.

3.2.8 There was a task requirement that each Strike, EW, and Low Recce
group must be time-phased (cnordinated arrivals) to target. Time-phasing
is such that as many EW RPVs as possible must be within a 5 NM radius of
the target assigned to the Strike and (in RPV Study VII only) a single
Low Recce must follow the Strike vehicle after 2 minutes (simulating
BDA). These coordination requirements are discussed in paragraph 5.6.1.
3.2.9 Each Strike flight plan has a redesignated waypoint S for cueing
the start of hand-off procedures. Next comes the hand-coff (H) waypnint
at which the vehicle “enters the target area” and the pilot can acquiire
continuous control over it as well as receive TV returns from ir. Ir
addition, each Strike flight plan has a designated Target (T, one ot
three targets), Hand-Back (B), and Recovery (R) coordinates.

3.2.10 In the RPV Studies VII and VII] scenarios, the EW flight plans
are programmed through all three targets (labeled 1, 2, and 31. Na
other waypoints are designated on these flight plans (except tho
Recovery coordinate).

3.2.11 Prior to hand-off, an RPV is given a command to climb to an
altitude of 3000 ft. For Strike RPVs, the small area on the terrain
model also required a change in command velocity to 300 knots.

3.2.12 On Strike flight plans the distance from S to H is 10.0 NM; from
H to T, the distance is 1.5 NM.

3.2.13 Each RPV is given just enough fuel to complete the round trip

mission. Strike and Low Recce RPVs are assigned a fuel load of 2200

11




pounds. EW RPVs are assigned a load of 3880 pounds. (NOTE: These
values may seen a bit unrealistic; however, the original simulation
assumed an advanced, large tactical RPV of F4 size.)

3.2.14 RPV position reporting error was 5”5 ft range error and 0.6
milliradian azimuth error. The RPV lateral deviation alarm threshold
values were fixed at 1000 f¢t.

3.2.15 The simulation included a function to smooth raw RPV position
reporting data. The smoothing function essentially fits a statistical,
best-fit flight path to position reports. (If more detail is desired,
see the Instruction Manual noted in 2.4.0.)

3.2.16 The simulation included a function to perform automatic RPV
heading correction based an smoothed position report data. The
automatic correction is ordered for an RPV when the lateral deviation or
cross track error is in excess of 1000 ft. The lateral deviation of an
RPY is measured relative (perpendicular distance) to its stored flight
plan. {See the Instruction Manual noted in 2.4.0 for more detail.)
3.2.17 Both of the above functions (3.2.15 and 3.2.16) are assumed to
occuy at the RPV Control Facility and not onboard the RPV. This
"smarter" RPV system was initiated in RPV Study III and has been
continued in all subsequent RPV studies.

3.3.0 Figure 3 depicts the profile of a typical scenario used in RPV
Studies VII and VIII. In this figure, a group consisting of Strike and
EW and (for RPV Study VII), Low Recce flight plans are shown. In this
situation, the EW and Low Recce RPVs are to rendezvous with the Strike
RPV at Target T. As one of the task requirements is to provide coverage

by the maximum number of EW RPVs, these vehicles are orbited in the

vicinity ot the target (to avoid a cluttered figure, only one EW RPY
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is shown). The EW RPV shown in the figure has previously covered a
Strike RPV at Target T2. After covering Target T1, it is being turned
back for additional coverage. To provide the necessary coverage at the
targets, the operators are required to reroute (reprogram) EW RPVs such
that the rendezvous with the incoming Strike RPV will occur according to
time-phasing requirements (to be identified later).

4.0 CONTROL/DISPLAY PARAMETERS

4.1.0 Each En Route/Return operator station consists of an IBM 2250
Graphics CRT terminal. These terminals are equipped with a 12-iach CRT,
Tight pen, altphanumeric keyboard, and a programmable function keyboard.
A small panel of switches and lights has been added to each terminal for
operator control during hand-offs.

4.2.0 The pilot's station is equipped with a joystick, basic flight

instruments, and a TV monitcr which alternately displays either imagery

from the terrain during the final flight to target or information from
. one of the CRT terminals during other portions of a mission.
4.3.0 Each CRT has the capability to display flight plans, track
signatures, etc., for up to 10 RPVs simultaneously. How many and which
: items of information are displayed are at the operator's discretion.
RPV status parameters such as velocity, fuel remaining, RPV type, etc.,
are displayed for one individual RPV at a time. Other displayed
parameters are ETA to the next designated waypoint, flight mode for each
RPV in the system, and elapsed mission time.
4.4.0 Operators can "call" displays and can make changes to RPV flight
parameters using the various control devices and can make changes to

RPV flight parameters using the various control devices on the terminals.

14
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For example, in the case of heading changes the operator can employ any
one of the three window sizes (a 50x50 NM, a 100x{00 NM which are centered
on the RPV to be changed, and a 200x200 NM window which is centered on
the entire geographical area). The operator then introduces a set of
points (not to exceed 10) on the CRT face using the light pen. The point-
to-point distances are also displayed. The heading changes always start
from the current RPV position and must end on a "reconnect” point on the
original flight path. This constitutes an "attempted" heading change.

If the operator's prescribed points call for an impossibly tight turn
according to the g-load value specified for the RPV, the computer rejects
the set of points and sounds on audio alarm. The operator must then
introduce a new set of points or the RPV continues unchanged. Valid
heading change commands are transmitted over the simulated command data
fink to the onboarc computer and the RPV proceeds to fly through the
points prescribed in the command.

4.5.0 Each attempt to communicate an instruction to an RPV employs the
command data link. The possible commands are altitude changes, velocity
changes, navigation system changes. destruct, deploy chutes, and heading
change. After a command is entered, it remains displayed in the "out-
standing commands” block until it has been transmitted to the RPV.

4.6.0 The displayed position of each RPV is in the form of a track
signature consisting of a heading/velocity vector and an ID number. The
displayed position is computed by adding, vectorially, the position
reporting system error, navigation system error, as compounded by
operator error, to the true RPV position. Figure 2 shows a typical

track signature for RPV No. 12, drawn considerably off-course, to make

it clearly distinguishable.




5.1.0 En Route/Return operators are required to perform the following
general tasks.
5.1.1 Monitor the progress of the simulated mission.
5.1.2 Coordinate (adjust arrival times) all RPV arrivals to
the target and recovery areas.
5.1.3 Time-phase each Strike RPV such that it achieves its
“original® ETA (assigned during flight plan generation) to each
designated waypoint (S, H, T, B, R). To achieve a maximum number
of hand-overs to pilot, some deviations are permissible (also see
5.6.1).
5.1.4 Time-phase RPV recoveries such that EW and Low Recce
RPYs arrive at R in any order, Strike achieves original ETA to
R, and the arrival interval of all RPVs is not less than 15

seconds apart.

5.1.5 Perform hand-offs to other operators when required.
5.1.6 Accept RPVs (on a passive basis) handed off by other
operators.

5.1.7 Hand-back RPVs upon request from another operator.

5.1.8 Respond to RPV failures, e.g., by Destruct, Deploy

Chutes, Switch in back-up navigation system, etc.
5.1.9 Reprogram (recycle) RPVs to replace RPVs that are lost
due to malfunction, attrition, etc. Strike and Low Recce RPVs
N are replaced only if lost during En Route to target.
5.1.10 Manage RPV fuel.
5.2.0 ETA adjustment for an RPV is accomplished by the operator altering
RPV velocity and/or RPV heading (i.e., increasing or decreasing RPV
flight path distance). Reprogramming an RPV is accomplished by causing
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the replacement or support RPV to go to the new target area after it has

completed its assigned miss on. A replacement RPV must be of the same

type as the lost RPV and must be time-phased with the remaining RPVs of
the group. A group of RPVs consisted of a Strike, EW, Ltow Recce triad

for RPV Study VII and a Strike, EW pair for RPV Study VIII. Additionally,

a replacement strike RPV must be assigned to the same target as the lost

strike RPV.

5.3.0 The pilot is required to perform the following general tasks.
5.3.1 Direct coordination ot RPV hand-offs and arrivals to
target and recovery areas during "dead-time* of en rcite and
return phases of the mission.

5.3.2 Accept Strike RPVs from En Route/Return operators.
5.3.3 Switch into Video and Continuous Control modes when

a Strike RPV .is successtully handed-otf.

5.3.4 Perform target acquisition and simulate line-of-sight
target lock-on for weapon release {activate trigger switch).
5.3.5 Perform hand-back of 4 Striks RPV following the
Terminal Phase.

5.4.0 Target detection and acquicition requirements wore minimal during

the TJerminal Phase. This was due to the large numrber of repeated runs

to the same targets and the small area of the terrain model. At the
present time, the lack of significant detection and acquisition problems
is not viewed as a serious deficiency. These simulation studies arce
concerned with the dynamic interaction of the major elements of mission
phase integration, multiple RPVs, near simultaneous hand-offs, multiple

operator interactions, etc.
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5.5.0 A successful hand-off could occur (a Strike RPV achieves continuous
control) only if the RPV was within a +1500 ft wide corridor on both
sides of the flight path to the target.
5.6.0 There were a number of performance requirements which the RPV
system was expected to achieve. These were prioritized for the operators.
Operators were instructed that in order to achieve the criterion of highest
priority, some accuracy might have to be sacrificed on lower priority
items. Furthermore, each team (see 5.7.0) was allowed to employ its own
strategy tor meeting the criteria.
5.0.1 The general requirement in RPV Study VII was to deliver each Strike
RPV to target with as many EW RPVs within a five nautical mile radius of
the corcesponding target as possible and followed 2.0 minutes +15 seconds
later hy a single Low Recce RPV. The major priorities of the RPV Study
VIT were:
b.b6.1.1 Maximize the number of Strikes achieving target and
achieving the criterion of maximum number of EWs within a 5 NM
radins of target and a Low Recce fly over target 2.0 minutes
+15 seconds later.
5.6.1.2 Maximize the number of Strikes achieving target with
coverage by a maximum number of EWs within a 5 NM radius of target
with slippage in the Low Recce criterion.
5.6.1.3 Maximize the number of Strikes achieving target with
coverage by at Jeast one EW within a 5 NM radius of target and
also achieving the Low Recce criterion.
5.6.1.4 Maximize the number of Strikes achieving target with

covnrage by at least one EW within 5 NM radius of target and with

slippage in the Low Recce criterion.

13
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5.6.1.5 Maximize the number of Strikes achieving target with fW
coverage but no Low Recce coverage.
5.6.1.6 Maximize the number of Strikes achieving original ETA«
5.6.1.7 Maximize the number of Strikes achieving target.
5.6.2 The general requirement in RPV Study VIII was to deliver each
Strike RPV to target with as many EW RPVs within a five nautical mile
radius of the target as possible. (The Low Recce type of RPV was
eliminated in RPV Study VIII.) The major priorities of RPV VII] were:
5.6.2.1 Maximize the number of Strikes achieving target and
achieving the c¢riterion of maximum number of EWs within a 5 M
radius of target.
5.6.2.2 Maximize the number of Strikes achieving target with
coverage by at least one EW within 5 NM radius of target.
5.6.2.3 Maximize the number of Strikes achieving original ETAs
and minimize Strike lateral error.
5.6.2.4 Maximize the number of Strikes achieving target.
5.7.0 Operator teams were required to do their own planning and schedulirqg
of RPVs. The planning was done at the start of a mission. Operators
were provided with computer print-outs listing original ETAs to all
waypoints for each RPV flight plan. Operators were also permitted to
use electronic calculators or other devices of their own choosing.
5.8.0 The three targets for a given mission were chosen randomly from a
set of twenty-seven targets located on the terrain mode)l. The targets
were in the form of small white disks easily identifiable on the pilot's

video monitor. The pilot was provided with maps and photographs of the
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terrain model. [t was the pilot's task to locate the three targetls prior

to pertoriing the tirst strike and without the benefit ot the terrain model.
When not in the continuous-control/video-on modes of a Terminal Phase for

an RPV, the pilot has access to closed circuit video from one of the [n
Route/Return CRTs. The display is on the same video monitor that provides
the terrain video. This display provided the pilot with ongoing mission
information, e.g., progress and ETA of a given RPV.

6.0 SPECIFIC OBJECTIVES AND SYSTEM PARAMETERS INVESTIGATED

6.1.0 The Objective of RPV Study VII was to evaluate RPV system capabilities
to perform a simulated mission under the conditions and parameters described
abave and to investigate the effect of team composition (independent vs.
pooled as-ignments) on RPV systems performance over a set of independent
vartables.  The RPV system reterred to here is strictly that system
postulated by the RPV system simulation. In order to accomplish this
objective, the same missions that were executed in RPV Study V were
replicated with pooled constituted teams in RPV Study VII. As will be

noted below, the same operators that performed in RPV Study V also

performed in RPV Study VII, except that previously they had been

— e v -

members o1 independently constituted teams. Thus, the data base

coliected previously under RPV Study V provided the basis for
comparison with the "pooled" condition.

; 6.2.0 Five independent variables of RPY system performance were
varied in RPV Study VII (in order to replicate RPV Study V missions).
Four of th. variables involve timing parameters of data transmission.
The RPV system is assumed to operate in an environment where data

transmission over radio frequencies has to be shared with other users,
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s0 that a transmission time slot becomes available only on a periodic
basis, and only then can data be transmitted. (An objective of RPy
Study V was to obtain an estimate of what the timing values should ba.)
These five independent variables are listed here and are graphically
portrayed in Figure 4.
6.2.1 Telemetry Data Transmission Time - When data can be
received from an RPV (slot cycle times of 0.7, 7.1, 3.5, 4.9
and 6.3 seconds).
6.2.2 Command Data Transmission Times - When commands can be
sent out to RPVs (cycle values same as above).
6.2.5 Call Delay for Modification/Window Displays - When an
operator calls for a display, the display is delayed in accordance
with a time factor (values same as ahove).

6.2.4 CRT Non-Immediate Information Update Time - Display frame

time (2.8, 5.6, 8.4, 11.2 and 14.0 seconds).

6.2.5 Number of RPVs under system control (9, 15, 21, 27, and

33).
6.3.0 The values of the above variables were identical to those uced in
RPY Study V. The reason for replicating all the variables of RPV Study
V was to study the effects of team composition on system performance.

In RPV Study V, each En Route/Return operator was a permanent and

independent member of one and only one team. In RPV Study VII, each En
Route/Return operator was a member of two different teams, which approx-
imates a condition where teams would be constituted at random from a
limited pool of operators. The number of available operators and
scheduling considerations precluded carrying out the completely random

assignment of operators to teams. f
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6.4.0 The five variables were varied in combination with each other
according to a Central Composite/Fractional Factorial experimental de<ign
{Cochran and Cox, 1957). This type of design allows one to investigate
a large, multivariate, experimental space by collecting a minimum rnumber
of observations. A single execution of the RPV system simulation (i.e.,
one simulated mission) constitutes one observation. The importance
of, or interest in, the results of RPV Study VII lies more in the com-
parison of the results of RPV Study VII to those of RPV Study V, as
opposed to the study of effects of specific variables. There were 32
observations obtained on each of four operator teams in RPV Study VII,
yielding a total of 128 observations. FEach observation required
approximately 1 3/4 to 2 1/4 hours of execution time.
6.5.0 The objective of RPV Study VIII was to investigate individual
operator and team size influences on RPV system performance. The RPV
system referred to here is strictly that system postulated by the RPV
systems simulation.
6.6.0 The make-up of the variables in RPV Study VIII was different from
that used in all previous studies. As in several previous studies, this
study too assumed that the RPV system operates in an environment where
data transmission over radio frequenc}es has to be shared with other
users, so that a time slot becomes available on a periodic basis, and
anly then can data be transmitted. The four timing parameters in RPV
Study VIII were held constant as follows:

Telemetry Data Transmission Time: 3.5 seconds.

Command Data Transmission Time: 3.5 seconds.

Call Delay for Window Displays: 3.5 seconds.

CRT Non-Immediate Information Update Time: ¢&£.4 seconds
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Team size was one of the variables investigated in this study, there

being teams of 1, 2, 3 and 4 En Route/Return npecators, plus one pilot.
H Rather than varying the absolute number of RPVs, their ratio to operators
was used as a variable. Because the program permitted a maximum of 35
RPVs to be simulated, the 10:1 ratio was not achieved exactiy at the
four operator team size but only approximated. All other ratios and
team sizes were exact. There were ratios of 2:1, 6:1, and 10:1 RPVs to
operators. These ratios maintained a constant RPV workload per operator
acraoss team sizes and within each ratio level.
7.0 OPERATOR TEAMS
7.1.0 Operators were obtained from universities in the Dayton, Ohio
area. They were required to be undergraduates for program longevity
purposes and to have at least a "B" grade point average. However,

because many had been incoming freshmen at the start of the research

program and there were occasional immediate needs, the grade requirement
was sometimes relaxed. Teams were comprised of five operators {four En
Route/Return operators and one Pilot) in RPV Study VII, while team size
was one of the experimental variables in RPV Study VIII.

7.2.0 Individual operators acquired a minimum of 5 months training. All
operators had completed this initial training, and had participated in
one or more RPV studies prior to RPV Studies VII and VIII, so that they
wore considered to be highly experienced and skilled in handling
simulated RPV missions. A1l operators had participated in RPV Study V.

Pilots were given additional training (2 weeks) in instrument flight

simulators, as well as controlling the camera over the terrain model. In
addition, each team executed a number of practice missions before actual

i mission runs began. Formal data collection was started after an unanimous
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consensus of the teams that they were ready to proceed was obtained
(Because ot the complexity of the simulation, the operators were more
knowledgeable about their tasks and procedures than the investigators.

? At the present levels of the state-of-the-art in systems research, it is
virtually impossible to develop formal training criteria for ‘"asymptotic
performance," etc.)

8.0 RPV STUDY VII RESULTS

8.1.0 The purpose of RPV Study VII was to compare independent vs. pooled
constituted team performance, thus the data analysis will be geared
appropriately for that intent.

] 8.1.1 A table (simiiar to Table 1, Aume, Mills, et al, 1977) listing
means and standard deviations for both RPV Study V (independent) and RPV
Study VII (pooled) was prepared for 64 dependent variables. A comparison
of the values disclosed that the means had an overall average change of

1.012% and the standard deviations had a reduction in magnitude of

9.43% from RPV Study V to RPV Study VII. To determine the significance
| of these changes, Chi square tests were conducted. For the means: 38
'& variables were better (toward improved average performance) in RPV Study
’ VII and 26 were bhetter in RPV Study V.

X2 = (38-32)2 + (26-32)2 =2.25 (d.f. = 1) and not sianificant.
32 32

For standard deviations: 46 variables were better (lower) in RPV VIII,
and 18 were better in RPV Study V.

X2 = (46-32)2 + (18-32)2 = 12.25 (d.f. = 1) and significant at <(.01.
37 37
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$.1.2 Since the above procedure may have violated the assumption of
indepeidence among dependent variables, an intercorrelation scan of
dependent variables was performed starting with "difference between ETA
and ATA at S waypoint" and using an intercorrelation cutoff value of
0.30. From this scan, 58 variables were retained (i.e., all inter-
correlations were 0.30 and variances accounted for 10%), including the
important variables of "proportion of Strikes successfully handed off to
pilot" and "range from EW to Strike when Strike is at target." Repeating
the Chi square tests for the 58 retained variables:

For means:  Jb variables were better in RPV Study VII and 22 were better

in RPV Study V.

%< (46-29)¢ + (22-29)2 = 3.38 (d.f. = 1) and not significant
74 29
Foo <tandard deviations: 46 variables were better in RPY Study VII
anvd 17 variables were better in RPV Study V.
A9 (46-29)¢ ¢ (12-86)2 = 19.93 (d.f. = 1) and significant at
29 29
<ol
From thec results, 1t may be concluded that the overall mean performance,
compsing andependent vs. pooled constituted teams, does not change. On
the othiv Gand, lhe performance variability, on a team basis, exhibits

a s1gaiticant decrease.

6.1.3 Explanation of this observation can be sought in how individual
operators contribute to inter-operator variability. In the case of the
independently constituted teams, each subject contributes to only one
team, and each team consists of different individuals. In the case of
the pooled constituted teams, the same individual belongs to more than

one team and so the contribution to those teams is the same. Thus, the
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variability in performance across pooled constituted teams relative Lo
independently constituted teams is reduced approximately 10%. Average
performance as measured by the means of the dependent variables appears
to reamin unchanged. This laftter result would be expected if one assumes
that one operator's performance was stable and not influenced by team
composition; an assumption that tends to be confirmed by the results of
RPV Study VIII below.

.0 RPV STUDY vIIT RESULTS

9.1.0 For the study of effects of individual operators and the effects
of team size on the performance of the simulated RPV system, certain
mportant variables were selected for close scrutiny. The criterion for
selection was that one could reasonably expect operator actions to have
an influence on the variables, as opposed to a variable whose value is
determined by program parameters and which is largely independent of
operator actions. For example, RPV cross track error is to a large
extent under the control of the automatic heading corvection function.
The following variables were chosen: Differences between ETA and ATA at
target for strike RPVs; proportion of strike RPVs handed off to pilot;
manual heading changes per strike RPV, attempted and transmitted; range
from strike to EW RPVS with strike at target; and number of RPVs gssigned
to an operator at the start of each mission.
9.1.1 The results were reviewed and the following behavior of the
variables were observed:

9.1.1.1 Difference between ETA and ATA at target for strike

RPVs: The mean value for this variable was 4.41 seconds,

with a range from 3.0 to 7.0 seconds. An analysis of variance




(team size X RPV: Operator ratio X subjects) was pertarmed
on the data and the RPV: Uperator ratio was the only factor

found to be significant at p< 0.01 (F= 5.189, df = 2,7¢).

From the plot shown in Figure 5, it can be seen that the
difference decreases with increasing ratio; but, from 2 practical
point-of-view, this tendency is very slight, approximately one second
or less. It can also be seen in Fiqure 5 that team size did

not have a significant effect on the dependent variable. This
was also the case for individual operators' performance on this
variable as a function of team size (i.e., the operator X team
size interaction was nonsignificant).

9.1.1.2 Manual heading changes per stike RPV, attempted and
transmitted: In both case, Lhe data indicated a rather level
performance over team sizes, and a slight decrease as the ratio

of RPVs: Operators increased. An analysic of variance was

performed (same as in 9.1.1.1) and disclosed that the RPV:
Operators' ratio was significant variable {p 0.001, F =10.98
df = 2,72). No other main effects or interactions were fonﬁd
to be significant. Attempted heading changes had a mean viiue
of 1.91 and a range from 0.0 to 4.0. The behavior of this

variable is understandable; as an operator acquires more

RPVs to handle, the attention and actions devoted to any
individual RPV would become less. The proportion of acceptable
heading changes actually transmitted to those attempted did not !
exhibit any obserable changes.

9.1.1.3 Range from strike to EW RPVs, strike at target: Over
the RPV: Operator ratios and team sizes, on the average, there

was little change. Performance on this variable tended to be
28
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quite erratic and was not conducive to a systematic analysis.

The obtained performance was probably the result of shifts in

EW RPY availability during real-time and as malfunctions occurred.

The mean was 4.05 NM and the range was from 0.0 NM to 20.9 NM.
9.1.1.4 Proportion of strike RPVs handed off to pilot: The

mean value of this variable was 0.89 with a range from 0.50 to

1.00. An analysis of variance (same as in 9.1.1.1) was performed.

The RPV: Operator ratio was found to be significant (p 0.001,

F = 20.05, df = 2,72) as well as team size (P 0.01, F = 4.21,

df = 3,72). From the data, the following regression equation

was computed: Proportion = 0.94497 - 0.02043 X Ratio + 0.02661 X
T. size. A plot of this variable (Figure 6) indicates that the
proportion is very close to unity at the 2:1 RPV: Qperator ratio,
and gradually drops off as the ratio is increased. However,
there is less of a drop-off at the large team sizes. Such
behavior could be expected, as the amount of actions to be

taken by the operator increases with increasing ratin and for
various reasons, some strike RPVs are not handed off. Ore of

the reasons may be that some c¢f the RPVs were lost during the

En Route leg and thus were not available for handing off. The
operator X team size interaction was found to be nonsignificant
indicating that although this variable was affected by team size,
individual operators' performance was not. This variable, as
opposed to the previous, falls in the team-centered category

because it involves coordination among the operators.
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9.1.1.5 Number of RPVs assigned to an operator, Strikes and
tW: This variable was looked at more to establish what the
onerators had been doing rather than with a scientific interest.
From the data, it became obvious that under 1-, 2-, and 3-person
team sizes, each operator handled a subset of the RPVs consisting
of both strike and EW types. Under the 4-person team, they
apparently reverted to the division of labor as it had heen
practiced in previous studies in which one operator would handle
strike RPVs at all three targets, and the remaining three operators
would handle the support RPVs, each operator for a specific target.
Witk a few exceptions, the values were either 1, 3, or 5 RPVs
assigned which reflect the RPV: Operator ratios and the equal
number of strike and W RPVs.
10.0 CONCLUSTONS
10.1.0 Before going any further, two effects must be mentioned: The
experience level of the subjects, and the nature of the system. To
restate what was said in paragraph 7.0, the operators had accumulated a
great deal of experience, each having participated in at Teast two RPV
studies (and some operators even more) prior to RPV Study VII. Thus,
they were highly knowledgeable and skilled in the operation of the RPV
system. Second, 1t must be remembered that we are dealing with a system
that is capable of performing completely automatically. It is possible
for an RPV to fly from Taunch to recovery without operator intervention.
Operator intervention is required only to accomplish the strikes on the
target during the terminal phase; and it is at times needed to maintain
systems navigation accuracy within prescribed limits and other prescribed

experimental requirements.
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! 0L 0 According to the oboeryed venn Tt o Che e Lo e e st jone
the tollowing conclbauian. can b el
oo b Dapevaenced operator o tend tooimart sin oo o, tat e o tant
tevel of pertormance, as Yong s The oy Ter i et L n o e e
extreme sach o as might ocoar n the oo ob o G T bt 0 o regiire- '
ment . Judging from the vesaita, the woreload that as npis o o thye
nperators did not esceed therr capebr ot e e e v s e U b ica )
deviations trom the pertormance Teoio were recor de b ey Sievdt g oy
tanctran o work boad o andirec tly g tare tien ot oo eaning ter 4z,
Une e o0 anterest heee o Lo detormine what conctitotes o s tremity”
arc e ore event oang the ampact on o the stability of g syster. The staiility
ot perterrance aluo caplaing why average pevfarmance aid not change in RPY
Study ViTo Tt caroalso acceant for the fact that large differences were
not o abtained between 2- and 4-person teams despite the fact that team !
strategicy or operating procedures had been changed (see paragraph 9.1.1.% :
. ind 10005 below!. ’
. 10.2.0 The resulty suggest that there are two classes of operator tasks
i
% involved 1n the system under investigation.
‘ I e .1 The tirst ¢lass can be referred to as "team-rentercua®
‘ tasihs.  These are tasks that involve some degree of coordination
amon: operators and are exemplified by the variable "Proporticn
‘ 6f Strike RPVs Handed Off to Pilot™ (see paragraph 9.1.1.7).
Thiy variable is probably the only one in this system whose
pertormance depends upon operator coorvdination or on a team-
N

centered task. [t was chosen tor examination for this reason

and was found to be the only variable that significantly improved
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in performance as team size was increased. However, even in
the case of this variable, individual operator performance
remained stable such that it was unaffected by team size.
Apparently, the efficiency of performing the coordination
tunction improved as team size was increased.

10.2.2.2 We have chosen to call the second class of tasks
“Operator-Centered" tasks. Controlling a system using thrse
tasks can be thought of as involving anly parallel processing.
The pertormance of one operator thus has a fairly simple,
direct influence on the average performance of a team and

1s largely independent of the performance of ather team members.
This class of tasks is exemplified by the variablee "Differencc
Between ETA and ATA at Target for Strike RPV<" and "Manual
Patches Per Strike RPV, Attempted and Tranemitted." When

these variables were examined, it was found that there wae

no influence of team size. This result, in addition to tie
fact that individual operators did not exhibit ~ry «veter o0
differences in performance over team size, led .o to . one o
that operator-centered tasks are not only thowe that worse o
parailel with other operctors' tasks but are also high'y

stable and, thus, well-trained.

Since none of the variables examined exhibited significant
differences amonng operators, it can be concluded that there were no
practical differences in performance between male and female operatore.
This has been a consistent result throughout all of the RPV

system similation <tudies.)
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| 1.0 03 Divasion ot labor was practiced at the d-pecoon feam si7¢, Lot ot
at the i b dzes 0 Thi cannot Lie construed g the ot tect o1 oy
vordable - the opevators could have been inctracted not to do it gt

easily.  The division ot Tabor with 4 operatore iy, urdoubtedly o Carry-
over t om previous studies {although 1t is possible that the carr s-over

was perceived as necessaryi. It consisted ot one [n Route/Retarn Operstor
handling all strike RPVs, and each of the vemaining throe operators handling
the support RPVs at one ot the three target<., With a team <ize of one
operator, there can be no division o1 labor and the operators must have
decrded that ot would not be useful (the activities at 3 targets are to be

distrabated smang the sapport operators) or ettficient to practice it at -

TG 05 e st ity an the obeervved variables is sometimes extreme and ic

protably due to the vaiability of dynar "¢ events, {(e.g., the loss of an

RPV due to 2 miltunctioning subsystem). The fact that unpredictable events
can occur in a4 system over time 1S another recson why systems are a difficult
object to study.

10.2.6  The general conclusion from the foregning is that for the purpocee

of modelling and simulation of operator-centered (highly-trained, parallei-
processing) tasks, team size appears to have little influence. This obvi-

ously may not hold for what can be termed team-centered (coordination o

decision making, serial processing) tasks, which suggests a course of
action for future research where one might establish the delineation points
among classes of tasks. This should be accomplished in terms of the onset
of significant changes in performance, so that good definitions of each
class of tasks can be developed in operational terms. Also, it appears

that estimates of individual performance on operator-centered tasks based
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{ on literature studins may be adequate as input data to system models and
tast-time <imulations.

I1.0  TUTURE PLANS

11,00 Tt was noted that the work load level on the operators did not
appear to be excessive.  Inoan attempt to quantify this ctatement, or at
least to get a better insight into this behavior phonomenon, RPV Study
IXx will be conducted wherein a <econdary {or auxiliary) task will be
introduced into the RPV system simulator and the performance of the
operators on it will be measured. The primary task will be controlling
a standard RPY Study VII type of mission with strike and £W type RPVs.
The auxiliary task will consist of maintaining Low Rerce type RPVs on

! Course with manual course corrections.
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